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OBJECTIVE

The objective of the program is to determine optimum growth parameters for the chemical
beam epitaxy of ZnSe. In addition microstructural, optical, and electrical characterization of the
material will be performed to assess the material's quality and potential; comparisons will be made
with material grown by molecular beam epitaxy. .

PROGRESS

The chemical beam epitaxy (CBE) system is currently being assembled at EMCORE
Corporation in New Jersey. Due to both delays in the assembly of the hardware, as well as delays
in readying the laboratory for installation of the equipment, a revised delivery date of November
17, 1989 has been agreed upon. The vacuum subsystem is complete and the chambers are
undergoing an extensive heating and cooling cycling life-test of the welds and ultrahigh vacuum
seals. The gas manifold has been assembled having the capability of providing gases of In, Ga,
Zn, Se and As to the reactor. The introduction and bakeout chambers have been assembled. The
robotic rotating arm in the transfer chamber has been completely fabricated and the computer
software has been debugged; the final step will be to place the arm in the vacuum chamber. There
have been no major problems with the assembly of the various subassemblies of the CBE
hardware. Thus far the CBE system is expected to operate as originally expected.

The funding for the analytical chamber has been secured through an equipment grant from
the National Science Foundation ($75K), a University Research Initiative contract from Defense
Advanced Research Projects Agency ($75K), and a substantial donation from EMCORE
Corporation. The analytical chamber will have an Auger Electron Spectroscopy (AES) capability.
However, the future capability of the analytical chamber has been greatly increased by designing
the vacuum chamber for the future addition of electron beam guns for metal evaporation, a
reflection high energy electron diffraction gun with phosphor screen, two laser ports, and argon
ion sputtering. The new analytical/metallization chamber will allow in situ metallization studies,
as well as analysis by AES of surfaces which have been irradiated with a coherent photon beam.
(The analytical/metallization chamber will not be delivered with the CBE reactor.) With the
addition of the analytical/metallization chamber module the entire CBE facility consists of four
modules; the layout of the system will still provide for expansion of two additional modules.
These additional modules are anticipated to consist of another growth chamber (proposal pending
with DARPA) and an in situ patterning process module.

The laboratory which will house the CBE system is currently undergoing extensive
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remodeling. Figure 1 shows the architectural drawing of the completed laboratory. The
remodeling for this project encompasses major renovation of three separate laboratories into one
large lab space consisting of a total of 1200 sq ft. (The complete renovation project consists of a
2400 sq ft laboratory space which has been funded by M.I.T. ($400K)) A changing room will
separate the lab from the unclean environment of the corridor of the building. Also included in the
laboratory is a substrate preparation facility which consists of two specially designed laminar flow
clean room hoods: one is for solvent use and one is for acid use. The solvent hood was purchased
under this contract with funds from the third year allocation. An extensive toxic gas monitoring
plan has been designed to guarantee a safe environment for the project staff, as well as to ensure
the safety of the building occupants. The demolition for the laboratory is approximately 85%
complete at this time. The general contractor has committed to having the laboratory space
completely ready for the CBE hardware by November 17, 1989 provided no major obstacles arise.
The final items currently under investigation are the storage of the toxic gas in toxic gas cabinets
and the plumbing of the arsine, hydrogen, and nitrogen to the CBE reactor. Once these last pieces
of hardware are purchased the laboratory will be ready to begin the long awaited experiments.

An offer of employment is currently pending to fill a research specialist position for the
laboratory; the engineer will be responsible for maintenance and repair of all hardware associated
with the lab. The major project supervisor from EMCORE Corporation will rotate with another
engineer from the company for six months to work in the CBE lab to keep the equipment running
and to train the M.I.T. staff.

Upon receipt of the epitaxy hardware, experiments will be underway to begin testing
procedures of the specially designed, one-of-a-kind instrument to familiarize the research team with
the operation of the machine. Following the initial training period experiments will commence in
the chemical beam epitaxy of ZnSe using metalorganics of Zn and Se. The use of both visible and
ultraviolet laser illumination will be implemented to assist in the growth. Ga and arsine will also be
available initially for n- and p-type dopants, in addition to the use of In, Ga, and arsine for the
growth of lattice matched buffer layers of InGaAs to ZnSe, all grown on GaAs substrates.
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Figure 1. Architectural drawing of the 1200 sq ft laboratory at M.IT. which will house the
chemical beam epitaxy system. Completion date provided by general contractor is November 17,
1989.
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Interface," Applied Physics Letters, vol. 54(14), pp. 1359-1361, 1989.
(Supported by Office of Naval Research, Defense Advanced Research Projects
Agency)

- M. Vaziri, R. L. Gunshor, L. A. Kolodziejski, S. Venkatesan, R. F. Pierret, and
R. Reifenberger, "Optical and Electrical Characterization of ZnSe Doped with
Gallium," Journal of Vacuum Science and Technology, vol. B7, pp. 253, 1989.
(Supported by Office of Naval Research, Defense Advanced Research Projects
Agency, and Air Force Office of Scientific Research)

- S. Venkatesan, R. F. Pierret, J. Qiu, M. Kobayashi, R. L. Gunshor, and L. A.
Kolodziejski, "Deep Levels in Ga-Doped ZnSe Grown by Molecular Beam
Epitaxy," Journal of Applied Physics, 15 October 1989 Issue. (Supported by
Office of Naval Research and Defense Advanced Research Projects Agency)

b. Books (and sections thereof) in Publication
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Switzerland: Trans Tech Publications, 1989, Vol. 21, pp. 199-230, 1989.

• R. L. Gunshor, L. A. Kolodziejski, A. V. Nurmikko, and N. Otsuka, "Molecular
Beam Epitaxy of I1-VI Semiconductor Microstructures," in Semiconductors and Semi
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